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LASERETCH VIA FORMATION 

BACKGROUND 

0001. The semiconductor industry has experienced con 
tinued rapid growth due to continuous improvements in the 
integration density of various electronic components (i.e., 
transistors, diodes, resistors, capacitors, etc.). For the most 
part, this improvement in integration density has come from 
reductions in minimum feature size, which allows more com 
ponents to be integrated into a given area. 
0002 These integration improvements are essentially 
two-dimensional (2D) in nature, in that the Volume occupied 
by the integrated components is essentially on the Surface of 
the semiconductor wafer. Although dramatic improvement in 
lithography has resulted in considerable improvement in 2D 
integrated circuit formation, there are physical limits to the 
density that can be achieved in two dimensions. One of these 
limits is the minimum size needed to make these components. 
Also, when more devices are put into one chip, more complex 
designs are required. An additional limit comes from the 
significant increase in the number and length of interconnec 
tions between devices as the number of devices increases. 

0003. In an attempt to further increase circuit density, 
three-dimensional (3D) integrated circuits (ICs) have been 
investigated. In a typical formation process of a 3D IC, two 
dies are bonded together and electrical connections are 
formed between each die and contact pads on a substrate. For 
example, one attempt involved bonding two dies on top of 
each other. The stacked dies were then bonded to a carrier 
Substrate and wire bonds electrically coupled contact pads on 
each die to contact pads on the carrier Substrate. 
0004 Such devices have required the formation of high 
aspect ratio vias for electrical connection between frontside 
and backside dies. Disadvantageously, prior etching tech 
niques for via formation, such as deep reactive ion etching 
(DRIE), has been time consuming, required lithography for 
pattern definition, and caused non-uniform sidewalls (e.g., 
periodic ripples) which could lead to integration inefficien 
cies in Subsequent process steps such as dielectric layer depo 
sition, electroplating, and the like. 
0005 Accordingly, there is a need for improved high 
aspect ratio via formation in semiconductor device fabrica 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 Aspects of the present disclosure are best under 
stood from the following detailed description when read with 
the accompanying figures. It is emphasized that, in accor 
dance with the standard practice in the industry, various fea 
tures are not drawn to scale. In fact, the dimensions of the 
various features may be arbitrarily increased or reduced for 
clarity of discussion. 
0007 FIG. 1 is a flowchart illustrating a method of fabri 
cating a semiconductor device according to various aspects of 
the present disclosure. 
0008 FIG. 2 illustrates laseretching an opening through a 
Substrate of a semiconductor device according to aspects of 
the present disclosure. 
0009 FIG.3 illustrates laseretching an opening through a 
portion of a Substrate and then exposing the opening accord 
ing to aspects of the present disclosure. 
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0010 FIGS. 4A-4I illustrate sectional views of stages in 
forming a semiconductor device according to various aspects 
of the present disclosure. 
0011 FIG.5 illustrates another embodiment of a semicon 
ductor device according to various aspects of the present 
disclosure. 
0012 FIGS. 6A-6C illustrate sectional views of stages in 
forming another semiconductor device according to various 
aspects of the present disclosure. 
0013 FIG. 7 illustrates yet another embodiment of a semi 
conductor device according to various aspects of the present 
disclosure. 

SUMMARY 

0014. The present disclosure provides for many different 
embodiments. One of the broader forms of the present dis 
closure involves a method of fabricating a semiconductor 
device. The method includes providing a Substrate having a 
frontside and a backside, and providing a layer above the 
frontside of the substrate, the layer having a different com 
position from the substrate. The method further includes con 
trolling a laser power and a laser pulse number to laseretch an 
opening through the layer and at least a portion of the fron 
tside of the Substrate, filling the opening with a conductive 
material to form a via, removing a portion of the backside of 
the Substrate to expose the via, and electrically coupling a first 
element to a second element with the via. 

(0015. Another of the broader forms of the present disclo 
Sure involves another method of fabricating a semiconductor 
device, the method including providing a Substrate having a 
frontside and a backside, and providing a plurality of layers 
above the frontside of the substrate, the layers having differ 
ent compositions from the substrate. The method further 
includes controlling a laser power and a laser pulse number to 
laser etch an opening through the plurality of layers and at 
least a portion of the frontside of the substrate, wherein a taper 
angle of the opening is tuned by the laser power and the laser 
pulse number. The method continues with filling the opening 
with a conductive material to form a via, removing a portion 
of the backside of the substrate to expose the via, and electri 
cally coupling a first element to a second element with the via. 
0016 Yet another of the broader forms of the present dis 
closure involves an apparatus that includes a semiconductor 
device. The semiconductor device includes a first die having 
a first Surface and a second Surface opposite the first Surface, 
and a plurality of vias formed through a plurality of openings 
laser-etched through the first surface of the first die, each 
opening of the plurality of openings having an aspect ratio 
ranging between about 0.25 and about 20. The device further 
includes a first set of redistribution lines electrically coupling 
semiconductor components of the first die to the plurality of 
vias, and a second die having a first Surface and a second 
surface opposite the first surface. The first surface of the 
second die has contact pads, the first set of redistribution lines 
electrically coupling the contact pads of the second die to the 
plurality of vias. 

DETAILED DESCRIPTION 

0017. The present disclosure relates generally to the fab 
rication of a semiconductor device, and more particularly, to 
methods for providing Vias in a semiconductor Substrate and 
devices fabricated by such methods. 
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0018. It is understood that the following disclosure pro 
vides many different embodiments, or examples, for imple 
menting different features of various embodiments. Specific 
examples of components and arrangements are described 
below to simplify the present disclosure. These are, of course, 
merely examples and are not intended to be limiting. For 
example, the formation of a first feature over or on a second 
feature in the description that follows may include embodi 
ments in which the first and second features are formed in 
direct contact, and may also include embodiments in which 
additional features may be formed between the first and sec 
ond features, such that the first and second features may not be 
in direct contact. In addition, the present disclosure may 
repeat reference numerals and/or letters in the various 
examples. This repetition is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between the 
various embodiments and/or configurations discussed. 
0019. Illustrated in FIG. 1 is a flowchart of an example 
method for fabricating a semiconductor device. FIGS. 2 and 
3 illustrate different methods of controlling a laser power and 
a laser pulse number to laser etch an opening through at least 
a portion of a Substrate in accordance with various aspects of 
the present disclosure. Illustrated in FIGS. 4A-4I are cross 
sectional views of stages in forming a semiconductor device 
according to various aspects of the present disclosure. FIG.5 
illustrates another embodiment of a semiconductor device 
according to various aspects of the present disclosure, FIGS. 
6A-6C illustrate sectional views of stages informing another 
semiconductor device according to various aspects of the 
present disclosure, and FIG. 7 illustrates yet another embodi 
ment of a semiconductor device according to various aspects 
of the present disclosure. Throughout the various views and 
illustrative embodiments of the present disclosure, like refer 
ence numbers are used to designate like elements. 
0020 Referring first to FIG. 1, a method 10 is shown for 
forming a semiconductor device. The method 10 includes 
providing a Substrate at block 12, and controlling a laser 
power and a laser pulse number to laser etch an opening 
through at least a portion of the substrate at block 14. Option 
ally, the method further includes forming a liner layer in the 
laser-etched opening at block 16. The method continues with 
filling the opening with a conductive material to form a via at 
block 18, and electrically coupling a first element to a second 
element with the via at block 20. 

0021. The semiconductor device may include an inte 
grated circuit (IC) chip (both 2D and 3DIC designs), a system 
on chip (SoC), or portion thereof, that may include various 
passive and active microelectronic devices, such as resistors, 
capacitors, inductors, diodes, metal-oxide-semiconductor 
field effect transistors (MOSFET), complementary MOS 
(CMOS) transistors, bipolar junction transistors (BJT), later 
ally diffused MOS (LDMOS) transistors, high power MOS 
transistors, FinFET transistors, or other types of transistors. It 
is understood that the figures may have been simplified for a 
better understanding of the inventive concepts of the present 
disclosure. Accordingly, it should be noted that additional 
processes may be provided before, during, and after the 
method of FIG. 1, and that some other processes may only be 
briefly described herein. 
0022 Referring now to FIGS. 2 and 3, different methods 
of laser etching an opening through a Substrate 30 and a 
portion of a substrate 40 are illustrated, respectively, in accor 
dance with various aspects of the present disclosure. The 
substrates 30 and 40 each include silicon. The substrates may 
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alternatively or additionally include other elementary semi 
conductor material Such as germanium, diamond, ceramic, 
and/or Sapphire. The Substrates may also include a compound 
semiconductor material Such as silicon carbide, gallium ars 
enide, gallium nitride, indium arsenide, and/or indium phos 
phide. The Substrates may include an alloy semiconductor 
Such as silicon germanium, silicon germanium carbide, gal 
lium arsenic phosphide, and/or gallium indium phosphide. 
The Substrates may also include various p-type doped regions 
and/or n-type doped regions. All doping may be implemented 
using a process such as ion implantation or diffusion in vari 
ous steps and techniques. The Substrates may include conven 
tional isolation features, known in the art, to separate different 
devices formed in the substrate. The substrate may include 
other features such as an epitaxial layer, a semiconductor on 
insulator (SOI) structure, or combinations thereof. 
0023 Block arrows in FIGS. 2(a) and 3(a) illustrate pull 
sating laser light at a controlled laser power and a laser pulse 
number to etch through the substrate 30 and a portion of 
substrate 40, respectively. The laser power and the laser pulse 
number are controlled parameters for the via formation, and 
may be inversely related, as decreased pulse number is 
needed with increased laser power to create a similar opening, 
and increased pulse number is needed with decreased laser 
power to create a similar opening. In one example, the pulse 
number may be controlled by manipulating a wafer stage or a 
laser shutter. The laser is operated in a pulse mode to bombard 
an etch Surface at a pulsing frequency, thereby allowing for 
improved etching rates and smooth sidewall formation. 
0024. The laser light may be provided by various lasers, 
including but not limited to KrF, XeF, XeC1, CO, Nd:YAG, 
and He:Cd lasers. The laser light ma also be provided at 
various wavelengths, including but not limited to KrF at 248 
nm, XeF at 351 nm, XeC1 at 308 nm, CO, at 10600 nm, 
Nd:YAG at 1064 nm, 532 nm, or 355 nm, and He:Cd at 325 
nm. The laser light may be provided within a range of power, 
from about 1 milliwatt to about 100 kilowatts in one example. 
In a further example, a laser powerfor a CO laser may range 
from several milliwatt to hundreds of kilowatts, a laser power 
for a Nd:YAG laser may range from one milliwatt to 45 watts, 
and a laser power for a KrF laser may be less than 100 watts. 
The laser light may be provided within a range of pulse 
number, from about 1 to 300 in one example. 
0025. The laser power, the laser pulse number, the type of 
laser, and/or wavelength of laser light may be tuned to control 
the diameter and depth of laser-etched openings 31 and 41. In 
one example, laser-etched openings may have a diameter 
ranging between about 40 micron and about 140 micron, and 
a depth ranging between about 10 micron and about 800 
micron, with an aspect ratio ranging between about 0.25 and 
about 20. In yet another example, laser-etched openings may 
have a diameter ranging between about 40 micron and about 
140 micron, and a depth ranging between about 200 micron 
and about 400 micron, with an aspect ratio ranging between 
about 5 and about 10. 
0026 Laser-etched openings 31 and 41 having tapered 
angles 0 are illustrated in FIGS. 2(b) and 3(b), respectively. 
Tapered angles 0 are measured from the horizontal plane and 
may range between about 60 degrees and about 90 degrees 
(i.e., vertical sidewalls). The tapered angle of laser-etched 
openings 31 and 41 may be tuned by the type of laser, wave 
length of laser light, laser power, and/or laser pulse number 
used, in one example. In certain applications, such as oxide 
deposition or electroplating, V-shaped openings having 
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tapered angles less than 90 degrees may allow for improved 
oxide coverage and/or electroplating quality. 
0027 Advantageously, laser etching of high aspect ratio 
openings for high aspect ratio via formation allows for 
increased etch rates, increased uniformity of sidewall pro 
files, single step etching through various layers of materials 
with a single laser type, and no requirement of pre-process 
lithography patterning. In one example, the etch rate may be 
less than 10 milliseconds to etch through a 400 micron thick 
silicon wafer. 
0028 FIG.3(c) illustrates blind via formation by grinding 
and polishing of remaining Substrate 40 to expose opening 41. 
Blind via formation may be advantageous for thermal dissi 
pation and female die applications. It is also noted that mul 
tiple layers of materials may be laser-etched in one process 
step as will be illustrated with respect to FIGS. 4A-4I below. 
0029 Referring now to FIGS. 4A-4I, a first die of a wafer 
100 comprising a semiconductor substrate 110 having elec 
trical circuitry 112 formed thereon is shown. The semicon 
ductor substrate 110 may comprise, for example, bulk silicon, 
doped or undoped, or an active layer of a semiconductor-on 
insulator (SOI) substrate. Generally, an SOI comprises a layer 
of a semiconductor material. Such as silicon, formed on an 
insulator layer. The insulator layer may be, for example, a 
buried oxide (BOX) layer or a silicon oxide layer. The insu 
lator layer is provided on a substrate, typically a silicon or 
glass Substrate. Other substrates, such as a multi-layered or 
gradient Substrate may also be used. 
0030 The electrical circuitry 112 formed on the semicon 
ductor substrate 110 may be any type of circuitry suitable for 
a particular application. In an embodiment, the circuitry 
includes electrical devices formed on the substrate with one 
or more dielectric layers 120 overlying the electrical devices. 
Layer 120 is illustrated as a single layer for illustrative pur 
poses only and may comprise a plurality of layers of different 
materials. Metal layers may be formed between dielectric 
layers to route electrical signals between the electrical 
devices. Electrical devices may also be formed in one or more 
dielectric layers. 
0031. For example, the electrical circuitry 112 may 
include various N-type metal-oxide semiconductor (NMOS) 
and/or P-type metal-oxide semiconductor (PMOS) devices, 
Such as transistors, capacitors, resistors, diodes, photo-di 
odes, fuses, and the like, interconnected to perform one or 
more functions. The functions may include memory struc 
tures, processing structures, sensors, amplifiers, power distri 
bution, input/output circuitry, or the like. One of ordinary skill 
in the art will appreciate that the above examples are provided 
for illustrative purposes only to further explain applications 
of the present disclosure and are not meant to limit the present 
disclosure in any manner. Other circuitry may be used as 
appropriate for a given application. 
0032 FIG. 4B illustrates laser-etched openings 101 
through dielectric layer 120 and a portion of substrate 110. 
Openings 101 may be advantageously formed in a single 
process step with increased etch speed and uniformity of 
opening sidewalls by tuning various lasers at various con 
trolled laser power, laser pulse number, and/or laser fre 
quency as noted above. 
0033 FIG. 4C illustrates through-silicon vias 114 formed 
by providing conductive material within laser-etched open 
ings 101. The through-silicon vias 114 may beformed by any 
appropriate method. For example, in one embodiment the 
through-silicon vias 114 are formed after the electrical cir 
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cuitry 112 is formed. In this embodiment, openings 101 are 
formed through dielectric layer 120 and partially through the 
semiconductor substrate 110. The openings 101 may be 
optionally lined with a liner layer 114a, such as diffusion 
barrier layers, adhesion layers, isolation layer, or the like, and 
then filled with a conductive material to form vias 114. Dif 
fusion barrier layers may comprise one or more layers of TaN, 
Ta, TiN, Ti, CoW, or the like, and the conductive material 
comprises copper, tungsten, aluminum, silver, and combina 
tions thereof, or the like, thereby forming the through-silicon 
vias 114. In an embodiment, the through-silicon vias 114 
have a diffusion barrier layer of TaN and are filled with copper 
formed by an electro-chemical plating process in which a 
seed layer is deposited to aid in the formation of the conduc 
tive fill material. 
0034 FIG. 4D illustrates the formation of redistribution 
lines 116. The redistribution lines 116 electrically couple the 
electrical circuitry 112 (via contact plugs 118) to the through 
silicon vias 114. The redistribution lines 116 may be formed 
using common methods for forming interconnect lines in 
integrated circuits. For example, in an embodiment the redis 
tribution lines 116 are fabricated by forming a layer of copper 
and a layer of nickel over the layer of copper through sputter, 
chemical vapor deposition, electrical plating, pattern electri 
cal plating, or electroless plating, and then etching the undes 
ired portions to form the redistribution lines 116. Other mate 
rials, such as aluminum, tungsten, titanium, combinations 
thereof, or the like may be used. In an embodiment, the 
redistribution lines 116 have a thickness between about 0.5 
micron and about 30 micron. Other materials and processes, 
Such as a well-known damascene process, could alternatively 
be used to form the redistribution lines 116. 
0035. The redistribution lines 116 are covered with a pas 
Sivation layer 122. The passivation layer 122 comprises a 
high-heat resistant material in one example. It should be 
noted that the passivation layer 122 is illustrated as a single 
layer for illustrative purposes only and may comprise a plu 
rality of layers of different materials. Suitable materials that 
may be used to form the passivation layer 122 include poly 
imide, BCB, SOG, SiOX, SiNX, SiONx, other inorganic mate 
rials, other silicon-related materials, other high thermal stable 
polymers, and the like. 
0036 FIG.4E illustrates the portion of the wafer 100 after 
a carrier wafer 210 has been attached in accordance with an 
embodiment of the present disclosure. Generally, the carrier 
wafer 210 provides temporary mechanical and structural Sup 
port to the wafer 100 during Subsequent processing steps. In 
this manner, damage to the semiconductor Substrate 110 is 
reduced or prevented. 
0037. The carrier wafer 210 may comprise, for example, 
glass, silicon oxide, aluminum oxide, and the like. In an 
embodiment, an adhesive (not shown) is used to glue the 
carrier wafer 210 to a top surface of the passivation layer 122. 
The adhesive may be any Suitable adhesive, such as an ultra 
violet (UV) glue, which loses its adhesive property when 
exposed to UV lights. The thickness of the carrier wafer 210 
is greater than about 12 millimeters in one example. 
0038 Also illustrated in FIG. 4E is the exposing of the 
through-silicon Vias 114. In one embodiment, the through 
silicon Vias 114 are exposed using a combination of planariz 
ing and etching steps. Initially, a planarizing process. Such as 
grinding or a chemical mechanical polishing (CMP), may be 
performed to initially expose the through-silicon Vias 114. 
Thereafter, an etching process may be performed to recess the 
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semiconductor substrate 110, thereby leaving the through 
silicon Vias 114 protruding from the underside of the semi 
conductor substrate 110 as illustrated in FIG. 4E. In an 
embodiment in which the through-silicon vias 114 are formed 
of copper, the semiconductor substrate 110 may be recessed 
by performing a dry etch process using HBr/O, HBr/Cl/O. 
SF/CL, SF plasma, or the like. In one example, about 5 
micron to about 30 micron of the through-siliconvias 114 are 
exposed. 
0039 FIG. 4F illustrates the wafer 100 after a protective 
coating 310 has been applied in accordance with an embodi 
ment of the present disclosure. In one embodiment, the pro 
tective coating 310 is an epoxy, gel, silicon rubber, or the like, 
and may be dispensed by, for example, spin-coating or print 
1ng. 
0040. The protective coating 310 is formed having a thick 
ness Sufficient to cover the exposed through-silicon Vias 114. 
In this embodiment, a second planarizing process, such as 
grinding or CMP is performed such that a substantially planar 
surface is formed and the through-silicon vias 114 are 
exposed as illustrated in FIG. 4F. 
0041 FIG. 4G illustrates the wafer 100 after the carrier 
wafer 210 is removed in accordance with an embodiment of 
the present disclosure. In an embodiment in which a UV glue 
is used to attach the carrier wafer 210 to the wafer 100 as 
discussed above, the UV glue is exposed to UV light, thereby 
causing the UV glue, for example, to become non-adhesive. 
Thereafter, the carrier wafer 210 may be easily detached. 
Other types of adhesive may be used, which may be released 
using, for example, thermal, Solvent/plasma stripper, laser, or 
the like techniques. 
0042 FIG. 4H illustrates the wafer 100 after a second die 
510 has been attached in accordance with an embodiment of 
the present disclosure. It should be noted that the second die 
510 is illustrated as being smaller than the first die for illus 
trative purposes only, and that the sizes of the first die and the 
second die510 may vary such that the first die may be smaller 
or larger or the same size as the second die 510. 
0043. In one example, the second die 510 is electrically 
coupled to the first die in a flip-chip configuration Such that 
contact pads 512 face the first die. The contact pads 512 are 
electrically coupled to the redistribution lines 116 via solder 
balls 514, which may beformed by a high-lead, eutectic, lead 
free solder, Cu bump, Cu/Sn, or the like. 
0044 An optional underfill material 516 may be injected 
or otherwise formed in the space between the second die 510 
and the passivation layer 122. The underfill material 516 may, 
for example, comprise a liquid epoxy that is dispensed 
between the second die 510 and the passivation layer 122, and 
then cured to harden. This underfill material 516 is used, 
among other things, to prevent cracks from being formed in 
the solder balls 514, wherein cracks are typically caused by 
thermal stresses. 
0045 Alternatively, either a deformable gel or silicon rub 
ber could be formed between the second die 510 and the 
passivation layer 122 in order to help prevent cracks from 
occurring within the solder balls 514. This gel or silicon 
rubber may be formed by injecting or otherwise placing the 
gel or rubber between the second die 510 and the passivation 
layer 122. The deformable gel or silicon rubber can provide 
greater stress relief. 
0046. One of ordinary skill in the art will realize that while 
a flip-chip configuration is discussed herein, other configura 
tions may be used as well. For example, wire bonding may be 
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used to electrically couple contact pads of the second die 
laying face up to the redistribution lines 116, as discussed 
below with reference to FIG. 5. 
0047. Thereafter, a solder mask 610 and second solder 
balls 612 may be formed in accordance with an embodiment 
of the present disclosure as illustrated in FIG. 4I. The solder 
mask 610 may be formed by depositing and patterning a 
solder mask material to expose contact regions of the under 
lying redistribution lines 116. Thereafter, the second solder 
balls 612 comprising a high-lead, eutectic, or lead free solder, 
or the like may be formed. The processes of forming and 
patterning a solder mask and forming solder balls are well 
known in the art and, thus, are not repeated herein. 
0048 One of ordinary skill in the art will realize that the 
second solder balls 612 may be formed by other methods. For 
example, an under-bump metallization (UBM) may be depos 
ited over the protective coating 310 and second solder balls 
612 formed thereonby, for example, evaporation, electroplat 
ing, printing, jetting, stud bumping, direct placement, or the 
like. Furthermore, the second solder balls 612 may beformed 
directly on the through-silicon vias 114. 
0049. It should be noted that the redistribution lines 116 
may comprise lines electrically coupling semiconductor 
structures formed on the first semiconductor die 110, such as 
electrical circuitry 112, to the through-siliconvias 114 (and to 
the second solder balls 612) or lines electrically coupling 
semiconductor structures (not shown) formed on the second 
semiconductor die 510 to the through-silicon Vias 114 (and to 
the second solder balls 612). Additionally, semiconductor 
structures on both the first semiconductor die and the second 
semiconductor die 510 may be electrically coupled to the 
same redistribution line. 
0050. Thereafter, other back-end-of-line processing tech 
niques suitable for the particular application may be per 
formed. For example, an encapsulant may be formed, a sin 
gulation process may be performed to singulate individual 
stacked-die packages, and the like. 
0051. It should also be noted that the embodiment dis 
cussed above illustrates an embodiment in which the second 
die 510 is electrically coupled to the first die 130 using solder 
balls 514 for illustrative purposes only and that other tech 
niques may be used. For example, FIG. 5 illustrates an 
embodiment in which the second die 510 is electrically 
coupled to the redistribution lines 116 using wire bonds 710 
as is known in the art. In this embodiment, the second die 510 
is attached to the first die such that the contact pads 512 on the 
second die 510 face away from the first die. Wire bonds 710 
extend over the side of the first die and electrically couple the 
contact pads 512 to respective ones of the first set of redistri 
bution lines 116. 
0.052 Referring now to FIGS. 6A-6C, a second embodi 
ment is illustrated in which double-sided redistribution lines 
are used to allow for greater flexibility in a pin-out configu 
ration in accordance with an embodiment of the present dis 
closure. FIG. 6A assumes a wafer 200 that has been formed in 
a manner similar to that discussed above with reference to 
FIGS. 4A-4F, wherein like reference numerals refer to like 
elements. 
0053 Accordingly, FIG. 6A illustrates wafer 200, which 
corresponds to wafer 100 of FIG. 4F after backside redistri 
bution lines 810 and a solder mask 812 have been formed, in 
accordance with an embodiment of the present disclosure. 
The backside redistribution lines 810 may be formed in a 
similar manner and of similar materials as the redistribution 
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lines 116 discussed above with reference to FIG. 4D. There 
after, the solder mask 812 may be formed in a similar manner 
as solder mask 610 discussed above with reference to FIG. 4I. 
0054 FIG. 6B illustrates the second die510 attached to the 
wafer 200 in accordance with an embodiment of the present 
disclosure. The second die 510 may be attached to the wafer 
800 using solder balls 514 and underfill material 516 as 
described above with reference to FIG. 4H. 
0055 FIG.6C illustrates formation of solder balls 1010 in 
accordance with an embodiment of the present disclosure. 
0056. Other methods may also be used in this embodiment 

to electrically couple contact pads 512 on the second die 510 
to the first redistribution lines 116. For example, FIG. 7 illus 
trates an embodiment in which the second die 510 of FIGS. 
6A-6C is electrically coupled to the first die 130 using wire 
bonds 1110 as are known in the art. In this embodiment, the 
second die 510 is attached to the first die 130 such that the 
contact pads 512 on the second die 510 face away from the 
first die 130. Wire bonds 1110 extend over the side of the first 
die and electrically couple the contact pads 512 to respective 
ones of the first set of redistribution lines 116. 
0057 The present disclosure provides a method to fabri 
cate a semiconductor device. In one embodiment, the method 
includes providing a substrate having a frontside and a back 
side, and providing a layer above the frontside of the sub 
strate, the layer having a different composition from the Sub 
strate. The method further includes controlling a laser power 
and a laser pulse number to laser etch an opening through the 
layer and at least a portion of the frontside of the substrate, 
filling the opening with a conductive material to form a via, 
removing a portion of the backside of the Substrate to expose 
the via, and electrically coupling a first element to a second 
element with the via. 
0058. The present disclosure provides another method to 
fabricate a semiconductor device. In one embodiment, the 
method includes providing a Substrate having a frontside and 
a backside, and providing a plurality of layers above the 
frontside of the substrate, the layers having different compo 
sitions from the substrate. The method further includes con 
trolling a laser power and a laser pulse number to laseretch an 
opening through the plurality of layers and at least a portion of 
the frontside of the substrate, wherein a taper angle of the 
opening is tuned by the laser power and the laser pulse num 
ber. The method continues with filling the opening with a 
conductive material to form a via, removing a portion of the 
backside of the substrate to expose the via, and electrically 
coupling a first element to a second element with the via. 
0059. The present disclosure also provides a semiconduc 
tor device. In one embodiment, the semiconductor device 
includes a first die having a first Surface and a second Surface 
opposite the first Surface, and a plurality of Vias formed 
through a plurality of openings laser-etched through the first 
Surface of the first die, each opening of the plurality of open 
ings having an aspect ratio ranging between about 0.25 and 
about 20. The device further includes a first set of redistribu 
tion lines electrically coupling semiconductor components of 
the first die to the plurality of Vias, and a second die having a 
first Surface and a second Surface opposite the first Surface. 
The first surface of the second die has contact pads, the first 
set of redistribution lines electrically coupling the contact 
pads of the second die to the plurality of vias. 
0060. It is understood that additional processes may be 
performed to complete the fabrication of the semiconductor 
device. For example, these additional processes may include 
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deposition of passivation layers, formation of contacts, and 
formation of interconnect structures (e.g., lines and Vias, 
metal layers, and interlayer dielectric that provide electrical 
interconnection to the device including the formed metal 
gate). For the sake of simplicity, these additional processes 
may not be necessarily described herein. 
0061 The foregoing has outlined features of several 
embodiments so that those skilled in the art may better under 
stand the detailed description that follows. Those skilled in 
the art should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other pro 
cesses and structures for carrying out the same purposes 
and/or achieving the same advantages of the embodiments 
introduced herein. Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure, and that they may 
make various changes, Substitutions and alterations herein 
without departing from the spirit and scope of the present 
disclosure. 

What is claimed is: 
1. A method of fabricating a semiconductor device, the 

method comprising: 
providing a Substrate having a frontside and a backside; 
providing a layer above the frontside of the substrate, the 

layer having a different composition from the Substrate; 
controlling a laser power and a laser pulse number to laser 

etch an opening through the layer and at least a portion of 
the frontside of the substrate; 

filling the opening with a conductive material to form a via; 
removing a portion of the backside of the substrate to 

expose the via; and 
electrically coupling a first element to a second element 

with the via. 
2. The method of claim 1, wherein the substrate is com 

prised of silicon, gallium arsenide (GaAs), gallium nitride 
(GaN), ceramic, Sapphire, a dielectric, or combinations 
thereof. 

3. The method of claim 1, wherein the laser etch is per 
formed with the laser power between about 1 milliwatt and 
about 100 kilowatts. 

4. The method of claim 1, wherein the laser etch is per 
formed with the laser pulse number between about 1 and 
about 300. 

5. The method of claim 1, wherein the opening is laser 
etched to include a tapered profile having a taper angle 
between about 60 degrees and about 90 degrees. 

6. The method of claim 1, wherein the opening is laser 
etched to have a diameter ranging between about 40 micron 
and about 140 micron and a depth ranging between about 10 
micron and about 800 micron. 

7. The method of claim 1, wherein the opening is laser 
etched to have an aspect ratio ranging between about 0.25 and 
about 20. 

8. The method of claim 1, wherein the conductive material 
includes copper, tungsten, aluminum, silver, or combinations 
thereof. 

9. The method of claim 1, wherein the first element is a first 
semiconductor component of a first die and the second ele 
ment is a second semiconductor component of a second die. 

10. The method of claim 1, further comprising forming a 
liner layer in the opening, the liner layer comprised of a 
material selected from TaN, Ta, TiN, Ti, CoW, or combina 
tions thereof. 
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11. The method of claim 1, further comprising tuning the 
laser power, a laser frequency, and the laser pulse number to 
control a taper angle of the opening. 

12. A method of fabricating a semiconductor device, the 
method comprising: 

providing a Substrate having a frontside and a backside; 
providing a plurality of layers above the frontside of the 

substrate, the plurality of layers having different com 
positions from the Substrate; 

controlling a laser power and a laser pulse number to laser 
etch an opening through the plurality of layers and at 
least a portion of the frontside of the substrate, wherein 
a taper angle of the opening is tuned by the laser power 
and the laser pulse number, 

filling the opening with a conductive material to form avia; 
removing a portion of the backside of the substrate to 

expose the via; and 
electrically coupling a first element to a second element 

with the via. 
13. The method of claim 12, further comprising grinding 

and polishing a backside of the Substrate to expose the via. 
14. The method of claim 12, further comprising laser etch 

ing a plurality of openings through at least a portion of the 
substrate, wherein the plurality of openings are etched with 
different laser power or different laser pulse numbers. 

15. A semiconductor device, comprising: 
a first die having a first Surface and a second surface oppo 

site the first surface; 
a plurality of Vias formed through a plurality of openings 

laser-etched through the first surface of the first die, each 
opening of the plurality of openings having an aspect 
ratio ranging between about 0.25 and about 20: 
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a first set of redistribution lines electrically coupling semi 
conductor components of the first die to the plurality of 
vias; and 

a second die having a first Surface and a second surface 
opposite the first surface, the first surface of the second 
die having contact pads, the first set of redistribution 
lines electrically coupling the contact pads of the second 
die to the plurality of vias. 

16. The semiconductor device of claim 15, wherein the first 
and second dies are each comprised of silicon, gallium ars 
enide (GaAs), gallium nitride (GaN), ceramic, Sapphire, a 
dielectric, or combinations thereof. 

17. The semiconductor device of claim 15, wherein each 
opening of the plurality of openings is formed through layers 
of different material. 

18. The semiconductor device of claim 15, wherein each 
opening of the plurality of openings includes a tapered profile 
having a taper angle between about 60 degrees and about 90 
degrees. 

19. The semiconductor device of claim 15, wherein each 
opening of the plurality of openings has a diameter ranging 
between about 40 micron and about 140 micron and a depth 
ranging between about 10 micron and about 800 micron. 

20. The semiconductor device of claim 15, wherein the 
plurality of vias are comprised of conductive material includ 
ing copper, tungsten, aluminum, silver, or combinations 
thereof, and wherein each via of the plurality of vias includes 
a liner layer, the liner layer comprised of material selected 
from TaN, Ta, TiN, Ti, CoW, or combinations thereof. 
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